The MPR neutron emission spectroscopy diagnostic has been used to study plasmas produced at JET during the main deuterium-tritium experimental campaign (DTE1). The plasmas were subjected to Radio Frequency (RF) and Neutral Beam (NB) heating in different combinations during periods of individual discharges. Similar discharges with different heating combinations were also compared. This paper deals, in particular, with the synergetic coupling of the ion cyclotron resonance frequency of the RF power to the fast ions from the NB injection. The key observable in this study is the high-energy tail that can be detected in the neutron spectrum as evidence of the RF acceleration of fuel ions.
INTRODUCTION
Auxiliary power, P AUX , in terms of Neutral Beam (NB) injection and radio frequency (RF) waves, is used to raise the ion temperature, T i , of Deuterium-Tritium (DT) fusion plasmas above what can be achieved with the plasma current through Ohmic heating, P Ω . The auxiliary heating has not only the effect of raising T i , but also perturbing the thermal equilibrium of the fuel ions, and differently so for the two populations of a DT plasma. The perturbation is not a wanted effect but rather an unavoidable step of raising the temperature of the bulk of the fuel ion population. It is clear that the neutral beam feeds the plasma with fast fuel ions for the duration of the NB pulse length, thus forming a Supra-Thermal (ST) ion population. This ST population consists of High-Energy (HE) ions (deuterons and/or tritons) in passing and/or trapped orbits, besides those that have slowed down further due to interactions with bulk ions. This latter ST component has lost the anisotropy of the NB source and is here referred to as an epithermal (ET) component in view of how it is manifested in the neutron emission. The injection of RF power, P RF , at frequencies of the fuel ion cyclotronresonance values, ω cD and ω cT for deuterons and tritons, respectively, or harmonics thereof, accelerates the ions in the direction perpendicular to the magnetic field lines. This acceleration, in combination with the drag exerted by the electrons, leads to HE anisotropic RF ion populations with Maxwellian velocity distributions that can be characterised by the amplitude, as well as a (tail) temperature. As for the NB ion source, the fast RF generated ions form an isotropic ET component at the lower end of the slowing down population. The coupling of the RF power to the plasma and the effects of the fuel ions are very much depending on the conditions at hand. In particular, the RF power coupling can depend on the presence of fast fuel ion populations due to NB power, P NB , injection. The synergy effects of simultaneous NB and RF power, P NB+RF , observable in Neutron Emission Spectroscopy (NES) diagnosis of DT plasmas produced in the JET tokamak, are the topics of the present study.
The NES measurements were performed with the Magnetic Proton Recoil (MPR) neutron spectrometer [1] . The MPR is capable to provide high quality data that can be analysed in terms of several components, each related to different parts of the fuel ion populations. The best results are obtained for plasmas of high neutron yield rate, i.e., high fusion power. These plasmas give the highest count rate and, hence, statistical accuracy. This sets the quality limit for the NES studies and the detail of information that can be extracted from the data. An extensive NES database was acquired during the first main DT Experiment (DTE1) at JET in 1997, resulting in count rates of up to 0.6MHz. Another aspect to consider in exploratory NES studies, such as the present one, is the distinctness of the signatures of the plasma response to P AUX . The latter aspect means that one has to consider plasmas well below the ideal with respect to statistical accuracy.
For the present study, four JET Pulses (No's: 41759, 41760, 41679, and 42753) were chosen for the purpose of studying NB+RF synergetic effects. This was done mainly by measuring the HE tail due to RF during time periods of these discharges with different types of heating, as well as by comparing different discharges. The present study is an extension of previous ones on RF heated discharges [2] and discharges heated by means of NB injection [3, 4] . Pulse No: 41759 was subject to RF heating coupled to hydrogen as a minority component. This combination is of interest because the RF accelerated protons generated low energy neutrons through the endothermic p + t → 3 He + n process [5] ; deuterium (also in minority) was accelerated through second harmonic coupling. Therefore, this discharge was also studied through NES, resulting in a detailed study of the plasma response to RF heating [6] . Additional information on theoretical RF heating studies of Pulse No: 42753 and Pulse No: 41679 can be found in Ref. [7] ; Pulse No: 42753 was also subject to a preliminary NES study [8] .
RF heating in combined heating scenarios on bulk ions has been studied before [9] . A theoretical analysis of RF discharges has been carried out [7] for the second harmonic heating on both tritium and deuterium. For the tritium heating case the non-thermal neutron rate was small (about 20%), while it dominates for the ω = 2ω cD heating (with about 70%). The electron temperature, T e , dependence is significant for RF heating. The fast ion energy content is approximately proportional to T e 3/2 and P RF , while it is inversely proportional to the electron density [7] . 3
EXPERIMENTAL DETAILS AND PULSE SELECTION
The data used in this study are from the DTE1 campaign at JET in 1997 and were obtained with the MPR neutron spectrometer. The MPR receives a collimated beam of neutrons from the plasma impinging on a (CH 2 ) n target, where a small fraction of the neutrons scatter elastically on protons.
The forward recoil protons (which have nearly the same energy as the neutrons producing them)
are collimated and momentum analysed in the MPR and recorded as a position histogram, H p (X), in a scintillator detector array. The histogram is related to the incoming neutron spectrum, F n (E n ), as described by the spectrometer response function. A description of the MPR instrument and the determination of F n (E n ) from the H p (X) can be found in Ref. [1] .
The four JET discharges examined in this study include periods of different combinations of applied P AUX , such as NB, RF and combined heating from NB and RF. The main plasma parameters for these discharges, relevant for the present study, are listed in Table 1 ; these were extracted from the general JET database.
In this series of Pulse No's: 41759 is taken as our reference and the others are described in terms of how they differ relative to this discharge. Pulse No: 41759 is heated with RF (P RF = 8MW at ω = 42.5MHz) that couples to the second harmonic of the resonance frequency of deuterium (ω = 2ω cD ) of low plasma concentration (c d ≈ 5%); the fundamental heating is on hydrogen (ω = ω cH ) that was present as a minority species for the purpose of absorbing the RF power.
Deuterium atoms of E d = 75keV were injected in short (∆t NB = 0.2s) pulses at a power of 1.3MW into a plasma formed by P Ω or by a combination of P RF and P Ω . The second Pulse (No:41679) is similar but was produced with lower values of magnetic field and plasma current, and higher deuterium concentration (c d = 55%); P RF is also lower: 7MW. For the third Pulse (No: 41760), P RF has been lowered to 4MW, while P NB is increased to 10.8MW with a pulse length of ∆t NB = 2s
occurring during the P RF heated period; the c d value is slightly higher than for the reference discharge due to lower hydrogen concentration, c h . Finally, the fourth Pulse (No: 42753) was heated with P RF = 8MW and the frequency was tuned to 3 He (ω = ω cHe = 37MHz) together with ω = 2ω cT absorption on tritium; the concentration of tritium was around c t = 60%. This discharge also differs in that tritium rather than deuterium was 4 injected during NB; two short NB pulses of ∆t NB = 0.2s
were applied at P NB = 2.6 and 1.3MW, respectively, both at E b = 150keV.
ANALYSIS AND INTERPRETATION MODELS
The spectrum of the incoming neutron flux is considered to be a superposition of several components, F n (E n ) = ∑F j (E n ) where j = 1 -4. Each spectral component corresponds to a recorded proton position histogram component, H j (X), which is calculated by folding F j (E n ) with the MPR response function which is known to high accuracy [1] . The neutron spectrum components are varied until the calculated superpostion H(X) = ∑H j (X) gives the best fit to the measured H p (X).
The components F j (E n ) are generated from the underlying velocity distributions of the deuterons and tritons producing neutron emission in d+t → α+n reactions. The neutron spectrum can be calculated with the help of Monte Carlo codes as described in earlier work [1, 3] . In case the neutrons come from the thermal part of the ion population, the neutron emission spectrum is Gaussian shaped with a width given by T i . The temperature was also used as a parameter to characterise, approximately, the average energy of the ST components of the fuel ion velocity distribution. The only exception is ions from the NB injection, where the slowing-down in the plasma determined the shape of the spectral component. The other parameter used in this study was the measured intensity of the neutron spectrum, i.e., the recorded count rate, C n . In other words, C n was decomposed into C n = ∑C j, characterised by reactions of TH and ET ions (C 1 and C 2 , respectively), besides the HE ones due to anisotropic ions caused by the NB (j = 3) and RF (j = 4) action. The C 1 and C 2 components often appear merged into one, which is referred to as the bulk component, i.e., C b = C 1 + C 2 .
The spectral broadening of the bulk component was used to extract a bulk temperature, T b . We tacitly assume that the relationship between C b and T b is given by the reactivity dependence ρ(T) for thermal ions. A tail temperature, T 4 , is also determined for the RF heated ions connected with C 4 .
RESULTS AND DISCUSSION
The results of the study are presented in terms of the time trace for the measured count rate, C n (t),
for each discharge, together with the power injected to give the auxiliary heating. The time periods for which data were extracted are also indicated on each time trace. The spectral analysis results for the periods of direct use in the present studies are shown in the form of measured and fitted proton position histograms. The results extracted on time-averaged differential count rates, C j , and effective temperature values, T j (where relevant), representing the neutron emission spectra for specified time periods, are presented in tables for each discharge.
PULSE NO: 41759
This discharge had periods of Ohmic (1, 3 and 9), NB (2) and RF (4, 5 and 7) heating only ( Fig. 1 ).
In addition, there is one period (6) with concurrent P NB and P RF . It can be noted that period 6, with a very short NB blip, shows a transient part where the NB ions are still present as a decaying slowing-down population, which is displayed in the recorded C n (t). A similar transient situation is found for period 8 where the NB blip is launched during the ramp down of the RF heating. The C n (t) trace is plotted using a time binning of 0.1s, besides a larger binning of 0.5s in order to enhance the statistics to record the low count rate during periods of P Ω only. In the present study, the periods 1+3+9 (Ω), 2 (NB), 5 (RF) and 6 (NB+RF) are the ones of principal interest.
Examples of recorded proton position histogram data and fits are shown in Fig. 2 for the periods with NB, RF and NB+RF heating. Here, one can note that the spectrum shows a HE tail (large X) when P RF is applied, which is missing in the case of P NB only.
Information extracted from the spectral analysis, divided into the time periods mentioned above, is presented in Table 2 ; results for combined periods are also given to obtain better statistics. The table contains information on C n and its fractional distribution of identified components (i.e., C j , with relative amplitudes in percent of C n ). The bulk temperature, T b , refers to the ion temperature (T b = T i ) for Ohmic periods while it represents an effective temperature when auxiliary heating was present. The ET temperature, T 2 , incorporates ions in the lower part of the slowing down distribution of the ST ion population caused by the auxiliary power injection. In the case of RF power injection, a temperature for the HE tail (T 4 ) was extracted.
Further information can be inferred from an analysis of the measured data from the different discharge periods given in Table 2 . For period 5, with RF only, we find that C n = C b + C 4 = 0.92 + 0.08 = 1.0kHz with T b = 8.4keV (value from periods 4+5+7) and T 4 = 240 ± 60keV. When NB is added (period 6), one finds a change in count rate to C n = C b + C 4 = 8.64 + 0.36 = 9.0kHz. The temperatures are found to be increased for the bulk (to T b = 18.0 ± 0.9keV), but practically unchanged for the tail component (T 4 = 300 ± 130keV). It thus appears that C 4 is increased by ∆C 4 = 0.36 -0.08 = 0.28kHz, or a factor of 4.5. This can be taken as a direct observation indicating that the injection of P NB leads to an enhancement of the neutron rate that is uniquely related to P RF , namely, the HE tail. The effect on the T 4 temperature, however, is small if at all present. The effects of RF and NB+RF heating can be studied also by looking at changes in C b and C 3 . Starting with the bulk, T b is found to increase from 8.4 to 18keV when P NB is added. This would lead to an amplitude increase by a factor of 5, assuming that it can be estimated from the temperature dependence of the thermonuclear reactivity, ¡(T). From C b = 0.92kHz, one would thus have an increase to C b = 0.92 × 5 = 4.6kHz. Moreover, C n is measured to be 9.0kHz, and from the sum C n = C b +C 3 +C 4 , one can estimate C 3 to be 4.0 kHz for period 6.
When the NB pulse is injected into the Ohmic plasma (from period 1 to 2), C n increases from 0.004 to 4 kHz and the temperature changes from less than 2.5 to 12.8keV. Such a temperature increase would lead to an increase in ρ(T) of a factor of about 300, i.e., to 1.2kHz. From the sum C n = C b + C 3 and C b = 1.2kHz one can infer C 3 = 2.8kHz, which is consistent with the above results on Finally, the coupling effect of NB+RF heating in the neutron emission can also be observed directly in the measured spectra for periods of NB+RF, NB and RF (Fig. 3) . Here, one can see the amplitude enhancement of NB+RF compared to the sum of the NB and RF spectra (periods 2 and 5), as well as how the shapes are at variance as displayed in the fractional difference between spectra also shown in Fig. 3. 
PULSE NO: 41679
The time evolution of Pulse No: 41679 (Fig. 4) is similar to that of the reference discharge, with distinct periods of P NB blips (periods 2 and 9) outside the RF period and one (period 6) during P RF injection. There are two periods (5 and 6) with constant P RF and two transient periods (4 and 8) where P RF is ramped up and down, respectively. There are two periods (1 and 3) with Ohmic heating only. The periods of principal interest here are 1+3 (Ω), 2+9 (NB), 5 (RF) and 6 (NB+RF); periods 5 and 7 are used for inter-comparison of the RF periods.
Data in the form of measured proton position histograms are shown in Fig. 5 , together with the spectral components that produced the best fits to the data. As can be seen, the neutron emission during the NB phase (taken as the sum of periods 2 and 9) is dominated by the high-energy component Results from the spectral analysis are presented in Table 3 . With Ohmic heating (periods 1 and 3) one obtains a count rate of C n = C b = 10Hz for a temperature of T b = 2.8keV. This is raised to C n = 1.2kHz when NB is injected (periods 2+9) with C b = 0.35kHz and C 3 = 0.85kHz for the bulk and HE components; the bulk temperature was determined to be T b = 12±4keV. RF heating (period 5) results in 8 C n = 1.8kHz, divided on C b = 1.3kHz and C 4 = 0.5kHz with derived temperatures of T b = 3.7keV and T 4 = 46keV, respectively.
It can be noted that the neutron emission response to period 7 (RF) is quite similar to that of period 5. This is illustrated in Fig. 6 , where spectra from the two periods are compared. When NB is added to P RF (period 6), the count rate is increased to C n = 3.0kHz, divided on C b = 1.7kHz and C 4 = 1.3kHz with the temperatures T b = 3.0 and T 4 = 45keV, respectively. The first general observation one can make is that the combined heating effect of NB+RF is just the superposition of NB and RF with observed C n -values of 3.0, 1.2 and 1.8kHz, respectively. This indicates the absence of a synergy effect between RF and NB in this case.
A detailed analysis is hampered by the fact that the tail temperature is low in this case (T 4 ≈ 50keV), which means that the signature component of RF heating is not well distinguished from the bulk components. Having this caveat in mind one can still note, though, that the component C 4 increases when NB is added to the RF heating (cf. periods 5 and 6) from C 4 = 0.5 to 1.3kHz. However, it is difficult to assess a possible synergy effect quantitatively, since a fraction of C 3 = 0.85kHz due to NB cannot be separated from C 4 extracted for periods 5 and 6; indeed, the C 3 value can explain the entire difference between C 4 for periods 5 and 6. This difficulty to distinguish C 3 and C 4 is also apparent from Fig. 6 , which shows a comparison of the spectra recorded for the RF heated part with and without the NB power; as the NB pulse separates the RF pulse, the periods preceding and following are also compared.
When the results for this discharge are compared with those of the reference case we make the following observations. With regard to the response to P RF , the low T 4 value for this discharge can be related to the fact that deuterium is not a minority species, but have a high concentration of c d ≈ 40%.
It thus seems that the injected RF power is not able to accelerate the deuterons into a high-energy tail in this case. On the other hand, the amplitude of the HE component is rather high, but with large uncertainty, as its signature in the spectrum is not very unique.
The NB heating for Pulse No: 41679 gives a count rate of C n = 1.2kHz, as compared to 4kHz for the reference discharge. This is in part explained by the lower tritium concentration (c t = 60% as compared to c t = 90% for Pulse No: 41759), which reduces the supra-thermal ion reactivity correspondingly, while T i would not be affected; experimentally we find that the T b values are similar in the two cases.
PULSE NO: 41760
Pulse No: 41760 is subject to a 3s long RF pulse with constant power of 4MW (periods 3 to 5 in Fig. 7) .
A powerful NB pulse is injected during period 3, which is 2s long and shows considerable variation in C n . The NB-pulse period is therefore subdivided into the periods 3a-c (see below). The constant RF power level (periods 3 to 5) was reached by gradual ramp-up and ramp-down (periods 2 and 6, respectively), and was launched into a plasma with Ohmic heating (period 1); period 7 was also Ohmic.
There was no period with NB power only, which is different from the reference discharge, as is the longer NB pulse compared to the reference case (∆t NB = 2s instead of 0.2s) with a much higher power (P NB = 10.8MW compared to 1.3MW). The periods of main interest for this study are 1+7 (Ω), 5 (RF) and 3 (NB+RF). Period 3 is split into three parts. The first (3a) is made up of the first 100 ms of the NB pulse. It is strongly transient as seen from C n (t). Period 3b represents the average NB+RF heated conditions of maximum count rate, i.e., in the range C n > 70kHz. Finally, period 3c is the last part where C n (t) forms a ledge (at t = 20.4s) before descending steeply at the point when P NB is switched off (see Fig. 7 ).
The measured spectra of the subdivided discharge are rather difficult to analyse because of lack of clear signatures of the different components in the data (Fig. 8) . This leads to ambiguities in the analysis. However, some quantitative results were obtained from the spectral analysis, presented in Table 4 .
The feature to focus on is the HE component caused by RF, i.e., C 4 together with the corresponding T 4 parameter. From the table one finds that C 4 varies between 0.1 and 0.2kHz for periods 2, 4 and 5. During the first two parts of period 3, where the NB pulse is applied as well, an RF tail was not detectable. However, in period 3c, the count rate of the RF component was found to be C 4 = 1.6±0.5kHz.
With respect to temperatures it seems that the strong population of fast deuterons injected by the 10MW beam tends to reduce the ability to accelerate ions by P RF injection to the same tail temperature as with only the bulk population present (T 4 = 71keV compared to 130keV). We also note that when the fast NB component has significant amplitude, the RF tail is detectable. This is the case for period 3c (C 3 = 40%), while it was dwarfed by the bulk as the only significant component during period 3b. From the above we find that the increase in C 4 observed during period 3c suggests a coupling effect between RF and NB, while the presence of NB heated ions seems to decrease the T 4 temperature of the RF accelerated ions. This coupling effect is conditional, though, as it is not observed in period 3b.
A Comparison can also be made with the results for the reference discharge as seen in the measured spectra from the RF and NB+RF periods of Pulse No: 41760 and No: 41759 found in Fig. 9 .
The NB+RF periods are similar in spectral shape, but the RF phases differ in that the reference discharge has a more pronounced tail formation.
As to the analysis results we find that the increase in P RF to 4MW in Pulse No: 41760 leads to C n = 0.4kHz, while C n = 1.5kHz is reached during the power increase to P RF = 8MW in Pulse No: 41759. This is a factor of two lower than the proportionality between C n and P RF would have implied. Moreover, the temperature T 4 also tends to be lower for Pulse No: 41760. When P NB is added (period 3a), the count rate increases to 60kHz, with a subsequent rise to 90 kHz (period 3b). During the P NB+RF pulse, the C b component is between 30 and 90kHz, which is up to 10 times higher than for the reference discharge with about 8 times lower P NB injection. The long NB pulse length (∆t NB = 2s) for discharge Pulse No: 41760 suggests that the ion state may be closer to quasi-steady conditions, so that the increase in C b from period 1 of a factor of between 10 3 and 10 4 could be taken as a temperature dependent reactivity change. This would suggest that T b is in excess of 13keV for period 3, which is not inconsistent with the observed T b for the periods 3a and b.
PULSE NO: 42753
Pulse No: 42753 is subject to RF heating on tritons rather than deuterons, besides the NB injection of tritium. The pulse form of the RF heating was the same as for the reference discharge (Fig. 10) .
The same is true for the constant RF power 11 level, but for the step down from 8 to 7MW at the end of the flat top. The NB power was injected as two blips, just as for the reference discharge, except for the first P NB blip, which had double amplitude (2.6MW). The measured count rate varied from a low average value of about 30Hz (periods 1 and 7 in Fig. 10 ) to maxima of 12 and 6.5kHz
for periods 3 and 5, respectively, with P NB+RF injection. Period 4 with constant RF power of 8MW gave C n = 2.3kHz, which was reached after a 2s long power ramp-up sequence (period 2); period 6
is trailing the second NB blip and covers the RF power ramp-down.
Of principal interest here are the comparisons of the two periods of different combinations of RF+NB (3 and 5) with period 4 (RF only). The measured proton position histograms for these periods, with the spectral fits and their decompositions, are shown in Fig. 11 . As can be seen, the data are well reproduced with a bulk component plus the HE components for RF and NB ions. The fast tritons created in this discharge affect the spectrum in more distinct spectral features than those of the fast deuterons that are at play in the spectrum of the reference discharge [10] . Another feature to note is that the HE component of NB ions shows up in the spectrum also during periods when the NB power was off. This is ascribed to the presence of a high-energy component in the slowing down part of the NB injected triton population, which is also observed in the tail of the C n (t) for the NB blips of Fig. 10 .
Another interesting feature related to the use of NB tritium injection, rather than deuterium of lower energy, can be seen in the consecutive spectra recorded over 50-ms time periods during the count rate rise of period 3 (Fig. 12) . Here, the plasma conditions are highly transitional, as can be seen in the increase in C 3 (t), reflecting the build up of the HE component with the continuing P NB -injection. The bulk component of the spectrum is not affected during this short period, but is mostly maintained by the RF-power supplied at a constant level.
The information derived from the spectral fits is presented in Table 5 . A striking feature in these results is the change in C 4 when going from period 3, with RF only, to periods 3 and 5, with combined NB+RF; the relative C 4 -values are 8, 16 and 13%, respectively, corresponding to count rates of 0.2, 1.9 and 0.9kHz. The increase is interpreted as the effect of coupling between the RF power and the NB heated fast tritons. The observation that the effect is lower for period 5 than for period 3 coincides with a reduction in P RF from 8 to 7MeV, and in P NB from 2.6 to 1.3MW. The tail temperature T 4 is quite high for the plasma periods with RF power varying in the range 100 to above 300keV, with the highest one observed for period 4 with RF only. Injection of NB does not affect this temperature much. However, a lowering of the value can be seen in the change from periods 2 to 3 and 4 to 5. Finally, as a consistency check of the results, we can study the variation in C b , and its correlation with the temperature T b from which we estimate the change in the reactivity ρ(T). We find that C b varies in the range 2 to 6kHz, to be compared with an expected variation of a factor of 6 due to ρ(T) for a temperature between 5.4 and 9.8keV; this correlates with the observation within uncertainties.
The transition phase from RF heating to NB+RF heating in Pulse No: 42753 gives a 3 to 5 times higher C n (as compared to an increase of between 6 and 9 times for the reference discharge), even if P NB is two times higher. It seems that the synergetic effect is less pronounced in this discharge because of the higher density of the heating species (i.e., tritium). This is in line with the observation that T 4 is low, with T 4 = 137keV for period 3, as compared to T 4 = 300keV for the P NB+RF period 6 of Pulse No: 41759.
CONCLUSION
The synergy effect of RF heating, when combined with NB injection, has been studied at JET for DT plasmas based on neutron emission spectroscopy (NES) data from the MPR neutron spectrometer.
This was possible by observing the manifestation of different supra-thermal velocity components of the fuel ion populations, especially the high-energy tail, produced by cyclotron resonance coupling of the injected RF power to deuterons or tritons of the bulk plasma or from the NB source. The synergy effect was observed in the discharges with RF coupled to the second harmonic resonance of deuterium, when this species was a minority component; when deuterium was not in minority the synergy effect was not seen. The NB injection during RF heating did not increase the tail temperature, but was lowered in one case, when the NB power was much stronger than the RF power. One discharge, where the RF was tuned to the second harmonic of tritium, showed that NB injection enhances the amplitude even when tritium is not a minority species and that the effect demonstrated a correlation with the total injected RF and NB power.
The present exploratory studies demonstrate for the first time how NES diagnostics can be used to study the plasma response to auxiliary power injection, especially, what can be gained by NB and RF synergies. The signatures of these effects were demonstrated in this study, with some quantitative results including the heating of the plasma bulk. It was also demonstrated how the results depend on the uniqueness of the signatures in the neutron spectra for different auxiliary heating scenarios, besides the overall dependence on the statistics of the data determined from the count rate and, hence, the fusion power of the plasma. In these studies the count rates varied in the range 1 to 100kHz for produced plasma fusion power up to 2MW, while discharges of up to 16MW
has been produced at JET. In the future, plasmas with even higher power could be produced at JET, which would improve the quality of the diagnostic information from NES measurements, as indeed would be the case for plasma conditions approaching ignition in the next step fusion experiments planned with ITER. 
